We report the first known demonstration of a novel bistable optical device that switches an interface between reflecting and transmitting states. Our results are in agreement with a simple graphical analysis.
In this Letter we report the first known demonstration of a new type of bistable optical device-a hybrid nonlinear interface.
A nonlinear interface consists of the interface between two dielectric materials, one of which has an intensity-dependent refractive index. Such an interface has been the subject of much recent work, both theoretical 1 and experimental. It was recently proposed that a hybrid version of a nonlinear interface using electrical feedback to an electro-optic crystal to provide the nonlinearity could be used to provide operation at low laser input powers. 3 This Letter reports the first known experimental demonstration of such a hybrid nonlinear interface and describes some details of the operating characteristics. Experiments were performed using the setup shown in Fig. 1 . A crystal of KD*P was polished to a thickness of 0.5 mm over an area of 1 cm X 5 cm. Metal electrodes were coated on the top and bottom surfaces so that an electric field could be applied in the direction of the z axis of the crystal. This crystal was mounted in a cell containing index-matching oil with a value of refractive index close to that of the KD*P. The entire cell was bonded to a copper block whose temperature could be controlled with a circulating liquid. Because the refractive index of the liquid is a sensitive function of temperature, the index difference between the liquid and the KD*P crystal could be conveniently adjusted by controlling the temperature of the cell. The output beam from a -1-mW He-Ne laser was incident at a shallow angle onto the polished edge of the KD*P crystal. The angle of incidence could be adjusted by rotating the entire cell assembly on an adjustable mount. The detected reflected light signal was amplified and fed back to the electrodes on the KD*P crystal. The feedback voltage required to provide hysteresis can be estimated from a graphical analysis of the equations derived in Ref. 3 . We find that good hysteresis should be observed for an index change of >0.1A,
where A is the index difference between the indexmatching liquid and the KD*P crystal. For A = 10-3 (corresponding to a critical angle of -2°), we require an index change of > 10-4. For an applied field along the z axis of the KD*P, and the light incident at 450 to the x and y axes and polarized perpendicular to z, the index change produced by a field E is (no 3 r 63 /2)E, where, for KD*P, the electro-optic coefficient for these conditions VIzm. Figure 2 shows the measured reflectivity as a function of incidence angle for the case in which no electrical feedback was present. The temperature of the matching liquid was adjusted so that the refractive index of the liquid was slightly greater than that of the KD*P, and thus total internal reflection occurred at sufficiently small angles of incidence. For comparison, the theoretical reflectivity versus angle of incidence is plotted for an incident plane wave with a critical angle of 1°. It can be seen that our experimental conditions *are different from those used to derive the theoretical It can be shown by using the results of Ref.
3 that the critical angle can be determined by measuring, as a function of angle, the parameter p = (P 2 -P01P1, where P 2 is the input power at which upward switching occurs and Pi is the power at which downward switching occurs. p should equal zero at the critical angle. Figure  5 shows our measurements of p as a function of the angle of incidence for a case corresponding to the conditions under which the data shown in Fig. 2 were obtained.
The critical angle from the data of Fig. 5, 0 .860, is in good agreement with that estimated from the curve in Fig. 2. (a) (b) specular reflectivity observed at the larger angles may be due to an impurity film on the crystal surface.
Because the interface does not behave as an ideal interface with an incident plane wave, the bistable behavior will-not be predicted accurately by the formula derived in Ref. 3 . A graphical procedure can be used, however, based on the measured interface characteristics. Figure 3 (For these experiments a bias voltage of -3100 V was used.) At the input powers corresponding to the lines shown, switching should take place. The output-versus-input characteristic found from this graphical analysis is shown in Fig. 4(a) . The experimental hysteresis curve observed when the feedback loop was closed is shown in Fig. 4(b) for the same values of temperature and incidence angle. It can be seen that there is good agreement with the predicted behavior with regard to both the absolute reflectivities and the range of input powers over which hysteris is observed. In conclusion, we have reported the first known demonstration of a bistable nonlinear interface using a hybrid system. This device will operate over a broad bandwidth, as no resonator is required. By using a waveguide geometry such as those described in Refs. 5-7 it should be possible to fabricate an efficient integrated device that would operate with low drive voltages.
